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Physical interacti?n between Lan~erhans cells a~d T cells ~s 
an essential reqUirement for antigen presentation. In thIs 
study we report the ultrastructural characteristics of the anti-
gen-specific physical interactions that oc.cur in vitro between 
murine Langerhans cells and T cells. EpIdermal Langerhans 
cells enriched to 78% purity by a panning method were 
pulsed with 2,4.-dinitrophenyl-Limulus polyphemus hemo-
cyanin and. co-~ncubated wIth. syngeneIc T .lymphocytes 
primed in VIVO wI~h the same antIgen. A substantIal number of 
conjugates constItuted by Langerhans cells surrounded by 
three or more lymphocytes were obtained after 60 min of 
incubation at 4 0 C. Electron microscopy of the conjugates 
revealed that Langerhans cells and T lymphocytes interacted 
by twO type of contacts. Type I was characterized by glycoca-
T ransient cell-to-cell adhesion is an essential require-ment for the functioning of the immune system, namely in the accessory cell antigen presentation to T lymphocytes. Recent evidence suggests that the mech-anism for this type of intercellular contact is mediated 
by adhesion molecules of the immunoglobulin superfamily and in-
tegrins [1]. . . . 
Despite the advances 111 the characterIzation of the molecular 
mechanisms involved in cellular interactions among cells of the 
immune system [2]. there are few studies on the precise changes that 
may occur in the ultrastructural morphology during the cell -to-~ell 
contact. Previous studies of Lipsky and Rosenthal [3,4] concermng 
the interactions between syngeneic macro phages and lymphocytes 
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lyx-glycocalyx interaction that occurred in relation to pro-
. trusions or microvilli of both cells. Type II was characterized 
by wide and tight areas of close apposition between Langer-
hans cells and T -lymphocyte plasma membranes. In these 
areas there were zones with intercellular bridges and small 
septilaminar junctions highly suggestive of gap junctions. An 
electron-immunogold procedure demonstrated the presence 
of DNP-LPH antigen on the type I contact. Our findings 
suggest that type I contact may represent the locus for antigen 
presentation whereas the type II contact may be involved in 
keeping adhesiveness between Langerhans cells and lympho-
cytes during antigen presentation.] I,west Dermatol1 00:429-
434, 1993 
in vitro, have demonstrated antigen-dependent and antigen-indepen-
dent physical associations between these two cell types. They 
showed that the presence of antigen in the culture medium mark-
edly enhanced the degree of association observed between the mac-
rophage and the lymphocyte. Sanders et af [5] by using antigen-spe-
cific B - T lymphocyte conjugates demonstrated by electron 
microscopy two types of physical interactions between both cells, an 
antigen-independent attachment and an antigen-dependent apposi-
tIOn. 
Epidermal Langerhans cells (LC) are one of the most efficient 
types of antigen-presenting cells (APC) to T lymphocytes [6 - 8]. 
~any studIes on LC have looked at the antigen-dependent stimula-
tion of T lymphocytes uSlllg [3H]-thymidine incorporation as an 
lIldex of blas~ transformation of T lymphocytes and immune-re-
sponse activation. However, there are no references in the literature 
concerning the physical interactions occurring between both LC 
and T lym~hocytes during the antigen-presentation process. 
. In a preVIOUS work [9], we had characterized the physical interac-
tions between LC and T lymphocytes at the ultrastructural level in 
experimental dermatitis and in two human pathologic processes. 
W ~ suggested th~t these contact structures were the expression of 
antIgen presentatIOn. 
In the 'present study, we have analyzed the irl vitro induced anti-
~en-specific mouse LC- T lymphocyte conjugates, using conven-
t~onal electron mIc.roscopy and immunocytochemistry at both, 
light a!ld elec~ron mIcroscopic levels. The conjugates were prepared 
by cO-1I1~ubat1l1g fresh ly enriched epidermal LC pulsed with DNP-
L~H, WIth syngeneic T cells primed to the same antigen. By using 
thIS model we found two types of physical interactions between LC 
and T lymphocytes: type I, which corresponded to smaIl areas of 
glycocalyx-glycocalyx interaction between protrusions and micro-
VIllI ofLC and lymphocytes, and type II, characterized by wide and 
tight areas of close apposition in which there were bridged zones of 
contact and small septilaminar junctions between the plasma mem-
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Figure 1. LC enrichment after panning method. Isolated murine LC show an intense immunoreactivity to la antigen at both light (a and b) and electron 
microscopy (c) . Immuno electron microscopy reveals a clear labeling of LC plasma membrane by 10-nm gold particles. BG, Birbeck granule. Bars: a, 
25 Jim, b, 15 Jim; c, 0.5 Jim. 
branes of both cells. In addition, we localized the antigen molecules 
in relation to the type I binding. 
MATERIALS AND METHODS 
Animals AjSn (H-2') mice were bred from a colony of animals 
kindly supplied by Dr. Olga Pizarro of the Unidad de Biologia, 
Facultad de Medicina, Universidad de Chile, Santiago, Chile. Only 
male mice aged between 3 and 5 months were used in this study. 
Antigens Dinitrophenyl (DNP, Sigma Chemical Co., St. Louis, 
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Figure 2. Quantitation of LC-T-lymphocyte clusters formed after 10, 
60, and 180 min of incubation. The number of clusters per 100 antigen 
presenting cells have been represented. A cluster is formed by one LC 
surrounded by at least three lymphocytes. Results correspond to the mean 
of three experiments ± SD. e, experimental group; 0, control group; 
• p < .025. Control group represents the interaction between non-anti-
gen pulsed LC and T lymphocytes. Type I contact was the only type of 
interaction observed in control group. 
Chemical Co.) were prepared according to conventional methods 
[10,11]. The resulting conjugates were used to perform the in vitro 
antigen pulsing of LC (DNPu-LPH) and to prime T lymphocytes 
(DNP 4so-LPH) in vivo. 
Isolation of Lymph Node T Cells Primed with DNP-
LPH The mice were injected, in each footpad (0.1 ml) with an 
emulsion containing 10 J.1.g ofDNP4so-LPH and 50 J.1.g of complete 
Freund's adjuvant (Sigma). Enlarged popliteal, inguinal, and axil-
lary lymph nodes were removed 7 -10 d after immunization. The 
lymph nodes were disrupted on a metallic sieve, and the resulting 
cell suspension was washed three times in Hanks' solution and resus-
pended in RPM I 1640 (Sigma, catalogue number R6504), supple-
mented with 10% heat-inactivated fetal calf serum (FCS, Frigosor, 
Osorno, Chile), 10 mM HEPES buffer, 23.8 mM sodium bicarbon-
ate, 100 J.1.gjml streptomycin, and 100 U jml penicillin. The cells 
were incubated in sterile polystyrene Lab-Tek petri dishes (Nunc 
Inc., Naperville, IL) for 1 h at 37"C and the non-adherent cells 
were retrieved, washed, and then applied for 70 min at 4 0 C, to a 
sterile petri dish coated with 100 J.1.g of rabbit anti-mouse IgG [12] 
(Sigma). The cell population, harvested from the petri dish, con-
tained 90 - 94% T cells, as determinated by immunostaining with 
an anti-Thy 1.2 monoclonal antibody (MoAb) (Sigma), 2-4% of 
IgG-positive cells, as detected by immunofluorescence with fluores-
cein isothiocyanate (FITC) labeled anti-mouse immunoglobulin G 
(lgG) [F(ab')z fragments, Sigma], and less than 1 % peroxidase-posi-
tive cells. 
Preparation of Enriched Epidermal LC Suspensions 
Enriched LC suspensions were prepared as described previously 
[12-14]. Briefly, trimmed skin fragments were treated, first with 
1 % trypsin (type III, Sigma) in GNK buffer (0.88% NaCI, 0.04% 
KCI, and 0.1% glucose, adjusted to pH 7.6 with 7.5% wjv 
NaHC03) for 50 min, and then with 0.1 % DNase I (Sigma) for 10 
min. Next, 3 X 107 epidermal cells were incubated with 30 J.1.g of 
anti-I a MoAb for 20 min at room temperature (MAS 043b, Sera-Lab 
Ltd., Sussex, England, UK), subsequently washed and layered on a 
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Figure 3. Immunocytochemical characterization of.cell clusters. a, a den-
dritic LC displaying immunoreactivity to Ia antigen IS surrounde~ by five 
lymphocytes. Immunogold silver staining method. b, cell cl~ster lffim~n­
ostained using a MoAb to la antigen. A strong fluorescence m a ~en~lic 
LC surrounded by six to seven lymphocytes is observed (magnifica.lion 
X 730). c, consecutive immunostaining of the same cluster showed m b. 
The lymphocytes surrounding the la-positive LC express the Thy 1.2 
antigen (arrowheads) . Peroxidase-anti-peroxidase method. Bars: a and c, 
15f.lm. 
etri dish previously coated with rabbit anti-mouse IgG and incu-
bated for 70 min at 4 ° C. The attached cells w~re scraped an? r~s.us­
pended in supplemented RPMI 164~, as desCribed above. Vlab~hty, 
determinated by trypan blue exclUSIOn, ranged from 75 to 90 Vo. 
LC - T Lymphocytes In Vitro Clustering Assay LC at a con-
centration of 5 X 105 cells/ml in supplemented RPM I 1640 ,:"ere 
ulsed with 100 Ilg/ml DNPu-LPH or medium alone for 6.0 mm at ~7°C in a humidified atmosphere of 5% CO2 and 95% air. After 
three washes to remove unbound antigen, the cells were co-cultured 
with DNP450-LPH primed T cells. To perform the co-culture ex-
periments, LC were cent~ifugate? at 50 X g in 1.5 ml Eppendorf 
tubes with 2.5 X 106 antigen-primed T cells per tube ~nd t~en 
incubated at 4°C [15] for 10, 60, or 180 min. Cultures, m which 
rimed T cells were incubated with non-antigen pulsed LC, served ~ controls. After the incubation, the cells were resuspended five 
times using a 100-111 pipetting device and aliquots of ~hese suspen-
sions were taken to count the clusters formed ~t the different times 
using a hemocytometer and a phase-contrast ml~roscope. The num-
ber of clusters formed per 100 antigen-presentmg cells added was 
calculated after 10, 60, and 180 min of co-incubation. Results repre-
sent the mean of three experiments ± (SD). Significance was calcu-
lated by a two-tailed, unpaired Student t test and was conSidered 
acceptable at the 5% level (p < 0.05). 
Immunocytochemistry Smears of the isolated LC, T lymp~lO­
cytes, and LC-T cell clusters we~e fixed in cold acetone (5 mm), 
washed in phosphate-buffered salme (PBS), pH 7.4, and lJ:cubated 
with anti-Ia antibody (1:70), anti-Thy 1.2 (1:50), or ant~-DN~­
LPH (1:20,000) [11] for 18 h at 4°C. Ant.ibodies were dt!u~ed ~n 
PBS, containing 1 % ovalbumin (grade V, Sigma). After washmg m 
PBS the slides were incubated with gold-labeled goat anti-mouse or 
goat anti-rabbit IgG (1:100, AuroProbe LM, Amersham. Interna-
tional, England, UK) for 1 h at room temperature. The ~hdes were 
then incubated with a silver enhancer for 10 to 20 mm. at room 
temperature [16]. The silver enhancer reagent (IntenSE .Klt, Amer-
sham International, England, UK) was prepared by mlxmg equal 
amounts of enhancer and initiator solutions according to the manu-
facturer's instructions. Finally, the slides were washed tho~oughly 
with distilled water, counterstained with hematoxylm, and 
mounted in Canada balsam mounting medium. 
A double immunostaining procedure using both Thy 1.2 and la 
MoAb was performed on smears prepared after ~C-T-cell c.luster 
formation. For this purpose, the slides were first mcubated With an 
anti-Thy 1.2 MoAb (1:50) for 18 h at 4°C and immunosta~ned 
according to the peroxidase - anti-peroxidase method as deSCribed 
elsewhere [17]. Next, the slides were thoroughly washed m PBS 
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Figure 4. Electron microscopic appearance of a LC-lymphocyte cluster. 
Interaction between cells involves microvilli (I, type I contact) and wide 
areas of apposition (II, type II contact) between the plasma membranes of 
both LC and T lymphocytes. Circle, Birbeck granule (BG, magnification 
X 97,000). It/set: LC - T -lymphocyte cluster. The LC displays a strong im-
munoreactivity to an antiserum raised against DNP-LPH. Peroxidase-
anti-peroxidase technique. Bar, 2.5 11m; it/set bar, 25 11m. 
and incubated with anti-Ia MoAb (1:70) for 18 h at 4 °C. Bound 
antibody was visualized by incubation with a FITC-Iabeled F(ab'h 
anti-mouse IgG (1:30, Sigma) for 30 min at room temperature in 
the darkness. Slides were mounted with a solution that contained 
1 ml of PBS, 9 ml of glycerol, and 10 mg p-phenylenediamine and 
observed in an Olympus microscope with epi-illumination and 
filters for FITC fluorescence. 
Immunoelectron microscopic localization for Ia antigen and 
DNP-LPH was performed using isolated LC and LC- T lympho-
cyte conjugates, respectively. Both LC and LC- T-cell conjugates 
were fixed in 1 % p-formaldehyde in PBS for 20 min at room tem-
perature. After fixation the cells were washed in PBS, containing 
1 % ovalbumin, 1 % non-immune goat serum, and 0.02% sodium-
azide, and then incubated with anti-Ia MoAb (1:10) or anti-DNP-
LPH antiserum (1:5,000) for 18 h at 4 °C. Gold-labeled goat anti-
mouse IgG or goat anti-rabbit IgG (AuroProbe EM, Amersham 
International, England, UK) were used as second antibodies [18] . 
Then, LC and conjugates were centrifugated, fixed in 5% glutaral-
dehyde-PBS, and processed for electron microscopy [19]. 
Appropriate immunocytochemical controls were prepared by 
omission or by replacement of the specific antibodies with non-im-
mune serum or IgG from the same species. 
High-Resolution Electron Microscopy Pellets of LC - T-cell 
clusters were fixed and embedded for electron microscopy using the 
potassium ferrocyanide-uranyl acetate procedure as described previ-
ously [9,19]. 
RESULTS 
LC Enrichment Smears of the isolated LC immunostained with 
the anti-Ia antibody followed by the immunogold silver staining 
method (Fig 1) revealed that 75% of the cells were Ia positive. These 
cells were also ATPase positive [20] and endogenous peroxidase 
negative. The isolated LC immunostained with anti-Ia antibody 
and examined at the electron microscopic level showed a high con-
centration ofIa antigen along the external surface of the LC plasma 
membrane (see Fig 1). 
Cluster Formation The incubation of enriched LCs pulsed with 
DNPu-LPH antigen and the primed, syngeneic T lymphocytes 
resulted in the formation of a maximum number of c01~ugates at 60 
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min (27.8 ± 8.9 conjugates/l00 antigen-presenting cells), and 
peak formation was maintained for up to 180 min of incubation 
(24.3 ± 6.0 conjugates/l00 antigen-presenting cells). In contrast, a 
non-significant number of clusters was formed in the control exper-
iments carried out with non-pulsed LC (Fig 2) or unprimed T cells 
(not shown). 
Immunocytochemical Characterization of the Clusters In 
smears stained by the immunogold method with the MoAb anti-la, 
the clusters presented a rosette-like pattern oflymphocytes centered 
around an la-positive, dendritic LC (Fig 3a). The sequential staining 
of a cluster first with Thy-1.2 MoAb by the peroxidase-anti-
peroxidase method, and then by immunofluorescence with anti-Ia 
MoAb substantiated the observation that the cells surrounding the 
LC were indeed Thy-l.2 - positive cells (Fig 3b,c). Further staining 
of the smears with toluidine blue indicated that the Thy-1.2-
positives cells possessed the typical microscopical appearance oflym-
phocytes. In addition, immunostaining with rabbit anti-DNP-
LPH antibody gave a positive staining reaction of the LC located in 
the center of each cluster (Fig 4, inset). 
No immunostaining was observed when each specific antibody 
was omitted or replaced by its respective non-immune serum or 
non-immune IgG. 
High-Resolution Electron Microscopy This technique con-
firmed that the clusters were formed by lymphocytes surrounding a 
LC (Fig 4). The LC and lymphocytes appeared related together by 
two types of binding: type I was characterized by areas of interaction 
between LC and lymphocyte surface components (glycocalyx). 
This type of contact occurred in relation to cellular protrusions and 
microvilli of both cells (Figs 4 and 5). Type II corresponded to wide 
and tight areas of apposition between the plasma membranes ofLC 
and lymphocytes (Figs 4 and 6). In these areas, high-resolution 
electron microscopy revealed two subtypes of interactions. The first 
were bridges 2 - 3 nm thick that extended between LC and lympho-
cyte plasma membranes (Fig 6b). At this site, the intercellular space 
measured between 4 and 9 nm wide. The second were small septila-
minar junctions in which the intercellular space ranged 2 - 3 nm 
wide and the total thickness including both cell membranes was 
18 nm (Fig 6c). It is interesting to note that type I contact was 
always found in close proximity to type II interaction. 
Association between a LC and one T lymphocyte was occasion-
ally observed in samples processed from control experiments, type I 
contact being the only type of interaction observed. 
The LC bound to lymphocytes exhibited certain particular char-
acteristics that were not observed in the control experiments or in 
LC that were not forming clusters. In the clusters, the LC out 
surface displayed a large number of thin processes whereas the cyto-
plasm was especially rich in Iysosomes, e1ectrolucent vacuoles, and 
microfilaments packed as thin bundles. In addition, LC organelles 
such as endoplasmic reticulum, Golgi components, and mitochon-
dria were aggregated in the proximity of the plasma membrane 
portion that was contacting the lymphocyte (Fig 7). 
Ultrastructural Immunogold Detection ofDNP-LPH in the 
Conjugates Our immunogold method was especially orientated 
to localize membrane-bound DNP-LPH after cluster formation and 
to investigate whether it was related to the site of interaction. The 
ultrastructural study revealed the presence of the antigen at the type 
I cell-to-cell contacts where it localized on the LC ,microvilli (see 
Fig 5b). No presence of the antigen was observed on the lympho-
cyte cell membrane (see Fig 5b) or at the type II contacts. 
Similarly, immunogold particles were not detected on LC that were 
not pulsed with the antigen (control experiments) or when the 
DNP-LPH antibody was omitted or replaced by non-immune rab-
bit IgG. 
DISCUSSION 
We describe, for the first time, a model system in which individual 
LC - T-cell clusters can be examined and used to study the physical 
interactions that occur between these cells during the antigen-pre-
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Figure 5. Type I contact. a, microvilli interrelationship of LC and lym-
phocyte (Ly) is clearly seen . Circle, High-resolution electron microscopy 
reveals a close interaction between glycocalyx-glycocalyx threads of both 
cells (magnification X 145,000). b, immunogold localization of LPH-DNP 
in type I contact. Gold particles (arrowh eads) appear restricted to the LC 
plasma membrane. Bars: a and b, 100 nm. 
sentation process. One of the major problems to solve in this type of 
in vitro study is to obtain an adequate enrichment of LC. The pan-
ning method [12 - 14] that we used was successful in providing a 
highly enriched epidermal LC population. The antigen-dependent 
nature of our cluster-formation model is supported by the following 
facts. i) Cluster formation was highly enhanced by exposing LC to 
the antigen before mixing them with primed T lymphocytes. On 
the other hand, a non-significant number of clusters was formed by 
using either unexposed LC or non-sensitized lymphocytes. ii) Clus-
ters were formed at 4 0c. In this respect Inaba and Steinman [15] and 
Sanders et at [5] have established that clustering between antigen-
presenting cells and lymphocytes at this temperature is an antigen-
dependent phenomenon. iii) Immunostaining of the clusters dem-
onstrated not only the presence of the la antigen on the surface of 
LC but also the DNP-LPH antigen. 
Physical interaction between dendritic antigen-presenting cells 
and T cells precedes and is essential to activate the interleukin-2 
response and the onset of DNA synthesis of antigen-specific T cells 
that elicit the immune response [2,211. Our electron-microscopic 
analysis of the contact areas produced between LC and T lympho-
cytes in the clusters showed two types of physical association be-
tween these cells, which are roughly similar to those described by 
Sanders et al [5] between antigen-specific Band T celis, though these 
authors did not specify their fine ultrastructure. They characterized 
the type I interaction as an antigen-independent attachment of B-
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Figure 6. Type II contact. a, the LC rough endoplasmic reticulum (rer) is 
observed in the proximity of a contact area with a lymphocyte (Ly). b, high 
resolution of the area labeled as b in a. Arrows, bridges extending between 
the plasma membrane of LC and lymphocyte. c, high-power view of the 
area labeled as c in a showing a gap junction-like structure formed be-
tween lymphocyte and LC plasma membranes (pm). Intercellular space at 
this site is only 2-3 nm wide. Bars: a, 0.5 11m; band c, 30 nm. 
cell microvilli to small portions of the T-cell surface because it 
occurred both in the presence and in the absence of the antigen. Our 
high-resolution observations actually show a direct physical inter-
action between surface fibrillar components (glycocalyx) of micro-
villi and protrusions ofT lymphocytes and LC. The presence of the 
antigen on the LC plasma membrane portion involved in this type 
of interaction, suggests that it may correspond to the locus for anti-
gen presentation (e.g., antigen-major histocompatibility complex 
determinant recognized by the T-cell receptor), representing under 
this condition an antigen-dependent type of association. It could be 
speculated that in absence of the antigen this type of contact may 
represent just a loose attachment related with a by-stander associa-
tion between the interacting cells. Future simultaneous immunolo-
calization of T-cell receptor and Ia antigen in this type of LC - T-
cell interaction might provide further evidence to ensure the sites of 
LC membrane involved in antigen presentation. 
The type II contact was defined by Sanders et af [5] as an antigen-
dependent intimate apposition of large areas of the plasma mem-
branes of the T and B cells. Our high-resolution electron-micro-
scopic study demonstrated that the type II contact had a complex 
ultrastructure in which two different subtypes of junctions co-ex-
isted. One of them corresponded to septilaminar junctions that char-
acterize gap junctions and therefore raise the possibility of a cyto-
plasmic communication between the interacting cells. In addition 
to the gap junction -like structures, there were bridges that con-
nected both cells. This type of arrangements may strengthen the 
binding during cluster formation, probably by participation of ad-
hesion molecules expressed on the surface of both LC and T lym-
phocytes. It is interesting to point out that during murine T-cell/B-
cell interaction, lymphocyte function-associated antigen-1 on B 
cells and intercellular adhesion molecule-1 on T cells transiently 
accumulate at the site of cell-to-cell contact, thereby providing a 
role for adhesion molecules during cluster formation [22]. Further-
more, it has been shown in human studies that clustering between 
antigen-presenting cells and T lymphocytes is mediated via a bi-di-
rectional lymphocyte function - associated antigen-1 - intercellular 
adhesion molecule-1 interaction [23] . 
An event observed after cluster formation was the reorientation of 
intracellu~ar LC organelles, including Golgi complex, to the site of 
contact With T lymphocytes. Although evidence for a reorientation 
of Golgi components has been reported only in helper T lympho-
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Figure 7. Type II interaction. A LC process is extending between two 
lymphocytes (Ly) .. Organelles such as rough endoplasmic reticulum 
(RER), mItochondria (M), and Golgi complex (G) appear in the proximity 
of LC-T-lymphocyte contact area. Bar, 0.5 11m. 
cytes after !ts conjugation to B cells [24,25], it is likely that in the 
case <?f antlgen-presentmg cells, such as LC, the reorientation of 
Goigi complex toward the area of cell-to-cell contact may also occur 
and probably serve. to dlrec~ the release of interleukin (or other 
secretory products) mto the ll1tercellular space between the conju-
gating cells. 
Based on these interpretations of our ultrastructural findings the 
physical it;teractions pr~duced between LC and T lympho~ytes 
dunng antigen presentatlo.n should re'Iuire the following steps: i) 
recog11ltlOn of ImmunologiC Identity; ll) presentation of the antigen 
?y LC to T lymp!lOcytes through type Ijunctions where the antigen 
IS located; and lll) formation of a fixation mechanism between the 
interac~ing cells tl~rough type II contacts. ~urther evidence to sup-
port tl~IS hypothesIs IS needed. In thiS sense It would be interesting to 
m~estlgate the pres.ence of adheSion molecules by immunoelectron 
mlc:oscop~ 111 relation to the types of contact described in this study. 
F1I1ally, It should be emphasized that the ultrastructure of the 
LC- T-lympl~ocy~e i~teracti~ns reported in this study during anti-
gen presentation 111 IIltro are Identical to those described ;11 II;VO in 
expenmental contact dermatitis and human pathologic processes 
[9,26]. 
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ANNOUNCEMENT 
The Center for Biologics Evaluation and Research, Food and Drug Administration, is sponsor-
ing a wound healing workshop entitled "Clinical Trial Issues of Topical Wound Healing 
Agents" to be held April 22 and 23, 1993, on the campus of the National Institutes of Health, 
Masur Auditorium (Building 10, Clinical Center), Bethesda, Maryland. There will be no 
conference fee, but registration is required. Contact Benjamin P. Lewis, Ph.D., CBER/FDA/ 
HFM-12, 1401 Rockville Pike, Rockville, MD; fax, (301) 295-8938. 
